This paper focuses on the optimization of drilling parameters by utilizing "Taguchi method" to obtain the minimum surface roughness. Nine drilling experiments were performed on Al 5050 alloy using high speed steel twist drills. Three drilling parameters (feed rates, cutting speeds, and cutting tools) were used as control factors, and L9 (3 3 ) "orthogonal array" was specified for the experimental trials. Signal to Noise (S/N) Ratio and "Analysis of Variance" (ANOVA) were utilized to set the optimum control factors which minimized the surface roughness. The results were tested with the aid of statistical software package MINITAB-17. After the experimental trails, the tool diameter was found as the most important factor that has effect on the surface roughness. The optimal drilling factors that minimized the surface roughness are (20mm/min cutting speed, 0.2 mm/rev feed rate, and 10mm tool diameter).
Introduction
The significant aim in the modernistic industry is to produce the products with great quality and smallest cost in smallest time. Drilling process is essential for manufacturing industries and excessively used in the automotive industries, aircraft, and aerospace. Although the new metal cutting methods have improved in the manufacturing environment, traditionally drilling operation till now considered one of the most popular machining operations [1] . Aluminum is utilized in many industries to produce various products and is important to the world economy. Aluminum and aluminum alloys are very significant in different industries in which the durability, strength, and light weight are required. Hole quality characteristics is very significant in different application, which involve the hole diameter accuracy and the hole surface finishing. Hole quality mostly dependent on the drilling tools and the cutting parameters which is can be optimized by using different methods such as "Taguchi" approach and regression models. Taguchi approach considers a good tool to design a system with top quality and excessively used in engineering analysis [3] , for this reason many researchers concentrated on determining the best surface roughness and roundness error. Taso and Hochen (2008) implemented the estimation and assessment of trust force and surface roughness in the composite material drilling operation utilizing "Taguchi" method and "neural network". The tested results proved that the spindle speed and feed rate the most affecting to the surface roughness, while the drill diameter and feed rate are the most affecting to the thrust force [4] . Kurt et al.(2009) used the "Taguchi" approach to optimize the cutting parameters of the hole diameter accuracy and surface finish in dry drilling operations [2] .
Kilickap (2010) inspected the effect of cutting parameters, such as surface roughness, point angle on burr height, cutting speed, and feed rate produced when drilling AL 7075. Taguchi "orthogonal array"L27, "Signal-To-Noise" ratio and "ANOVA" was used to find the best drilling parameters of AL7075 [5] . Navanth and Karthikeya Sharma (2013) utilized "Taguchi" approach to get the minimal surface roughness (Ra). Taguchi "orthogonal array" L18 used to perform the drilling tests. The feed rate, cutting tool, and spindle speed were considered as control factors [1] .
Kabakli et al. (2014) show an assessment of the geometric accuracies and roughness in drilling process using U-drills. Surface roughness, perpendicularity and cylindricity used as a parameters for assessment the affecting of the feed rate, speed, hole diameter and depth. The execution characteristics were measured and Taguchi method, "Signal-To-Noise" ratio and "ANOVA" were used to analysis the effects of the controlled factors at various levels to identify the optimal drilling circumstance for U-drills [7] .
Drilling Process
Drilling is one of the machining process which are used for differ purposes. The basic purpose of drilling process is to drilling cylindrical holes in workpieces. The holes are cut out material with cutting tool, which is known as drill. The end cutting tool used for drilling the workpeice called twist drill which is provided with two cutting edges. The drill is fixed in rotating spindle and cab be feed towards the workpiece. The spindle speed and the feed rate can be changed according to the workpeice. Figure (1) shows the two motion of twist drill [8] . 
The Surface Roughness
Surface roughness is considering one of the main characteristics in metal cutting. Surface roughness result from drilling process impact on the mechanical properties such as creep life, corrosion resistance, fatigue behavior and so on. Surface roughness expressed by the vertical variations of the actual surface from its typical form. If these variations are great, the surface is rough. If they are few the surfaces is smooth. Surface roughness usually measured by a device in which the stylus moves across the surface, the stylus movement is magnified and the signal record. The result is mostly express as (Ra) or average roughness [9] .
Methodology Taguchi Approach
Traditional experimental design methods are difficult and sophisticated to use. when the process parameters increases, the numbers of implemented tests should be increased, so Taguchi method used to solve this problem. In "Taguchi method" a specific design of "orthogonal arrays" used to study the total parameter with only few numbers of experiments. Then, the results converted in to "Signal-ToNoise"(S/N) Ratio to measure the quality characteristics corrupted from the required values. In order to assess the optimal parameter, generally there are three categories of "Signal-To-Noise"(S ∕ N) Ratios [3]:
"Smaller-The -Better" The "Signal -To -Noise" Ratio for "Smaller -TheBetter" is shown in equation (1).
= −10 log y …(1)  "Higher-The-Better" The "Signal -To -Noise" Ratio for the "HigherThe-Better" is shown in equation (2).
= −10 log …(2)
 "Nominal-The-Better"
The "Signal-To-Noise" Ratio for the "NominalThe-Better" is shown in equation (3). = 10 log …
Where: y average of observed data y observed n observations number S 2 y variances of y. In this study, the drilling parameters were determined by using taguchi experimental design method. Taguchi "orthogonal arrays", S/N ratio, and ANOVA, used to analyze the impact of the drilling parameters on surface roughness [10] .
Experimental Details 3.1 Workpiece Materials
One of the commercial aluminum alloys was chosen as the work piece material for the test sample. The dimension of work piece was (330mm x 80mm x 20mm). Table (١) shows the chemical composition of the alloy. The diameters of the drill were (6 mm, 8 mm, and 10 mm) and the used cutting tool was high speed steel (HSS) twist drill. 
Selection of Control Factors and
Orthogonal Array"
Three factors were chosen for this experiment. There are cutting speed, feed rate and drill diameter with three levels as shown in table (2). In Taguchi approach the first step is to choose the "orthogonal array", the "orthogonal array"L9 (3 3 ) was chosen to get the best drilling parameters. Table ( 3) shows Taguchi L9 "orthogonal array" and table (4) shows the Control factors using "orthogonal array". 
Sample Preparation
In this paper, the drilling process was executed by using (CNC FANUC Series Oi-MB) which is shown in fig.2 , besides that, (Mahr / MarSurf PS1) were used to measure the surface roughness which is shown in fig. 3 . The measurement of roughness repeated (3 time) at various positions on the drilled surface. The average roughness parameters were selected as the output parameter to define the geometric irregularities of the surface drilled in different conditions. Fig4 shows the twist HSS drill with diameters (6, 8, and10) mm. Fig. 5 shows the sample of the work piece with (9 through holes), Taguchi approach used Signal To Noise (S/N) ratio to calculate the variance of the experimental design. The equation of (Smaller-the-Better) was chosen to calculate the (S/N) ratio, because the smallest value of surface roughness is required to get a good product quality. Table (5) shows the result of surface roughness (Ra) and (S/N) ratio of the surface roughness. 
"Analysis of Variance" (ANOVA)
The "Analysis of Variance" (ANOVA) is a powerful and common method of dividing total variation in to accountable sources of variation in an experiment. It is a statistical method used to explain the experimented data and make decisions about the parameters under study. In this research ANOVA was utilized to analyze the effect of the cutting speed, feed rate, and the drill diameter on the surface roughness of the drilled holes. Table  (6) shows the formulas used to conduct the ANOVA analysis. !"# P-Value P Coefficient P value indicates that the level has a significant effect. Is a measure of how likely the sample result are, assuming the null hypothesis is true. P value range from (0 to 1). A commonly used of P value is 0.05
Results and Discussion
Minitab statistical software has been used to analysis of the experimental work. The equation of (the Smaller-The-Better) was chosen to calculate the (S/N) ratio of surface roughness, the response table for S/N ratio of (Ra) shown in table (7) and the effect plots of the drilling parameters for Signal To Noise ratio was drawing using MINITAB17 as shown in figure (6). The plots show the response variations with the changes of drilling parameters, from figure (6) we can notice that in the increase of the drilling conditions (feed rate & cutting speed) the change in response will be change less than the change in the drilling condition (tool diameter) when we increase it. From the analysis the minimum value of (Ra) achieves at drilling condition of cutting speed of (20 m/min), feed rate of (0.2mm/rev) and tool diameter of (10mm). Then result of Signal To Noise Ratio analyzed by using ANOVA. In analysis of variance when the p-value for the drilling factor less than (0.05) then this factor consider significant, and when the P-value greater than (0.05) then the factor consider insignificant. The result of ANOVA of S/N ratio for (Ra) shown in table (8) . The optimal Drilling condition shown in table (9) 
Conclusions
In this study, the optimization of drilling parameters were executed by using Taguchi approach to get the optimal surface roughness value in drilling Aluminum alloy grade 5050 with HSS twist drills. Taguchi method, S/N ratio, and ANOVA were successfully determining the optimal drilling conditions at level (5). From S/N ratio result based on ranking and ANOVA result based on F-value the tool diameter is the most significant control factor follow by feed rate and the cutting speed has the least significant on surface roughness. 
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